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ABSTRACT OF THE DISCLOSURE

An electrolytic capacitor containing a new electrolyte
comprising a solvent having dissolved therein a compound
of the formula selected from the group consisting of:
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wherein M is a hydrogen ion, alkali metal ion, ammonium
ion or C;—Csg hydrocarbyl amine ion and Z is.a vicinally
substituted aryl group.
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The present invention relates to an electrolytic capacitor
and more particularly to a capacitor containing a new
electrolyte.

Electrolytic capacitors have been ihe subject of ex-
tended research and large scale use during the last half
century. Most capacitors of this type have been made with
anodes consisting of aluminum and tantalum foils or sin-
tered tantalum pellets having a thin dielectric coating -of
oxide. The patent and technical literature abound with
suggested ionogens as well as solvents for them which are
useful as forming and/or working electrolytes for elec-
trolytic capacitors. Of this multitude of electrolytes which
have been disclosed, few have achieved commercial
significance. At present, most electrolytic capacitors em-
ploy either relatively simple borate and water systems, or
else rather complex borate systems which contain anion
species other than the simple borate in a suitable organic
solvent. Many prior art electrolytes, e.g. ammonium penta-
borate in ethylene glycol, dissolve anodic aluminum oxide
to a considerable degree upon heating at or from 85° C.

In general, this invention provides an electrolytic ca-
pacitor containing an electrolyte comprising a solvent hav-
ing dissolved therein a compound of the formula selected
from the group consisting of:
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wherein M is a hydrogen ion, alkali metal ion, ammonium
ion or C;—C;y hydrocarbyl amine ion and Z is a vicinally
substituted aryl group. The electrolytes employed herein
show no or negligible dissolution of znodic aluminum
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oxide. The electrolytes also are excellent formation elec-
trolytes. .

1t is therefore an object of the present invention to pro-
vide a relatively simple, alternative electrolyte system, ca-
pable of being substituted for ones presently in use.

It is a further object of the present invention to provide
a capacitor employing an electrolyte which does not attack
anodic aluminum oxide at elevated temperatures.

Another object of the present invention is the provision
of an electrolytic capacitor capable of long term reliable
operation under temperature conditions varying from
~55° C.upto 125° C.

Other objects and advantages of the present invention
will be made obvious to those skilled in the art by the
following description when considered in relation to the
appended drawing in which the sole figure represents a
partially unwound capacitor section of the invention.

Referring to the appended drawing, anode 11 of the ca-
pacitor unit 10 is of a valve metal having on its surface an
oxide layer which functions as the dielectric. Cathodic con-
tact 12 is of a valve or inert metal, as desired. Porous
spacers 13 and 14 are fully impregnated with the elec-
trolyte compositions of this invention. Tabs 15 and 16 are
connected to the electrode foil 11 and cathodic contact foil
12 respectively as terminals. The following examples illus-
trate the more detailed practice of the invention but are
not to be construed as limiting.

Example 1

This is an example of the in situ formation of tributyl-
ammonium borodicatecholate. A mixture of pyrocatechol
(2.2 g.), boric acid (0.6 g.) and tributylamine (1.85 g.)
was dissolved in dimethylformamide (100 g.). This elec-
trolyte was introduced into aluminum electrolytic capaci-
tors of conventional design. The capacitance sections im-
pregnated with the electrolyte possessed the rating of 100
uf., 60 volts D.C. The following values given are averages
of 6 units during a test at 125° C. with 60 volts applied.

C (uf) RC (ohm-u) I (ua)
BV EIT) 112 44 11
500 hours._____.._._.._. 110 40 1.9
1,000 hours__ - _._._.._.. 110 40 2.9
The foregoing data indicate that the capacitors are elec-

trically stable although they show some increase in leakage
current with time.
Example II

An electrolyte was prepared by dissolving 4% tetra-
methylammonium. borodicatecholate in dimethylform-
amide. Two groups of commercial aluminum foil, 5 volt
and 75 volt capacitance sections, were impregnated with
this electrolyte. The following table gives life test data ob-
tained at 125° C. The values given are averages of 5 units

of each rating.
5 volt 75 volt
Hours
Capaci- RxC T (ua) Capaci-~ RxC T (ua)
tance tance

0. 237 149 0.8 35.3 42 3.3
500, ... 228 145 0.7 35.1 44 0.5
1,000..__ 224 139 1.0 35.1 47 1.8
2,000.... 220 132 0.7 34.8 52 1.5

The foregoing data indicate the capacitors are electri-
cally stable and improve somewhat with time from a leak-
age current standpoint.

Example III

An electrolyte was prepared by dissolving 8% of benzyl-
trimethylammonium borodisalicylate in dimethylform-
amide. A group of commercial aluminum foil 50 volt units
was impregnated with this electrolyte. The following life
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test data was obtained at 85° C. The values given are

the averages for 5 units.

50 volt
Hours -
Capacitance (uf) R x C (ohm-uf) I (pa)
77.5 -30 1.8
71.2 32 0.7
77.0 33 0.9
76.5 34 0.7

As in the previous example, the results indicate elec-
trical stability with a good improvement in leakage cur-
rent over the duration of the test period.

.. Example IV

This is an example of the in situ formation of sodium
borodisalicylate in ethylene cyanohydrin. A mixture of
3.86 g. of salicylic acid, 4.48 g. of sodium salicylate and
1.74 g. of boric acid was dissolved in 100 ml. of ethylene
cyanohydrin. . :

The electrolyte was introduced into aluminum elec-
trolytic capacitors of conventional design rated at 500
uf., 50 v. DC. The following values given are averages
of 5 units. :

50 v. DC
Time
Capacitance RC I (ua)
(uf) (ohm-uf)

Initial. ool 640 138 2
72 hr. shelf test (85° C.) 633 102 22
1, 000 br. life test (85° C .- 636 118 3.8
250 hr. lifa test (105° C.)._..__ 637 112 55

It is seen that electrical measurements are very con-
sistent and the values indicate this is a good electrolyte.

Example Vv

This is an example of the in situ formation of sodium
borodicatecholate in ethyl Cellosolve. A mixture of 0.01
mole of sodium hydroxide, 0.01 mole of boric acid and
0.02 mole of catechol was dissolved in 1.11 moles of
ethyl Cellosolve.

The capacitance (measured at 120 hertz) of five etched
but non-anodized aluminum foils, measuring 1”7 x 114" x
0.003", averaged 502 uf. The foils were then anodized in
the subject electrolyte at 0.6 ma./in.? for 14 minutes. The
potential across the cell increased to 50 volts. The capaci-
tance of the five anodized foils, measured under the same
conditions as above, averaged 35.6 uf. The resistivity of
the electrolyte was 1920 ohm-cm. This example illustrates
that the electrolyte is a good formation electrolyte.

Example VI

This is an example of the in situ formation of am-
monium borodicatecholate in dimethylformamide. A mix-
ture of 0.01 mole of ammonium hydroxide, 0.01 mole of
iboric acid and 0.02 mole of catechol was dissolved in 1.37
moles of dimethylformamide.

The capacitance (measured at 120 hertz) of five etched
but non-anodized aluminum foils measuring 1 x 1%4” x
0.003", averaged 500 uf. The foils were then anodized
in the above electrolyte at 0.6 ma./in.2 for 22 minutes.
The potential across the cell increased to 50 volts. The
capacitance of the five anodized foils, measured under the
same conditions as above, averaged 33.6 uf. The resistivity
of the electrolyte was 606 ohm-cm. The example illus-
trates that this electrolyte is also a good formation elec-
trolyte.

Example VI

An electrolyte was prepared by dissolving 0.01 mole of
di-isopropylammonium borodisalicylate in 1.37 moles of
dimethylformamide,

The capacitance (measured at 120 hertz) of five etched
but non-anodized aluminum foils, measuring 1”7 x
114" x 0.003”, averaged 510.uf. The foils were then
anodized in the electrolyte at 0.6 ma./in.2 for 54 minutes.

3403305 ...

~ The potential across the cell increased to 50 volts, The
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capacitance of the five anodized foils, measured under
the same conditions as above, averaged 36.7 uf. The re-
sistivity of the electrolyte was 312 ohm-cm. The data
show that this is an effective electrolyte,
Example VIII

This is an example of the in situ- formation of am-
monium borodisalicylate. A mixture of 0.01 mole of am-
monium hydroxide, 0.01 mole of boric acid and 0.02 mole
of salicylic acid was dissolved in1.37 meles of -dimethyl-
formamide. S e

The capacitance (meastired ‘at 120 ‘hertz) of five
etched but non-anodized aluminum’ foils, measuring
1”7 x 134" x 0.003", averaged 511 uf. The foils were then
anodized in the electrolyte of this example at 0.6 ma./in.?
for 21 minutes. The potential across the céll increased to
50 volts. The capacitance of ‘the five anodized foils,
measured under the same conditions as above, averaged
30.0 pf. The resistivity of the electrolyte was 385 ohm-cm.
The electrolyte is an effective formation electrolyte.

Example IX

This is an example of the in situ formation of 2-ethyl-
hexylammonium borodisalicylate in dimethylformamide.
A mixture of 0.01 mole of 2-ethylhexylamine, 0.01 mole
of boric acid and 0.02 mole of salicylic acid was dis-
solved in 1.37 moles of dimethylformamide. The capaci-
tance (measured at 120 hertz) of five etched but non-
anodized aluminum foils, measuring 1" x 14" x 0.003",
averaged 434 uf., The foils were then anodized in the
present electrolyte at 0.6 ma./in.2 for 23 minutes. The
potential across the cell increased to-50 volts. The capaci-
tance of the five anodized foils, measured under the same
conditions, averaged 30.1 uf, The resistivity of the elec-
trolyte was 341 ohm-cm. ~

Example X

This is an example of the in situ formation of tributyl-
ammonium borodisalicylate. The mixture of 0.01 mole of
tributylamine, 0.01 mole of boric acid and 0.02 mole of
salicylic acid was dissolved in 1.37 moles of dimethyl-
formamide. The capacitance (measured at 120 hertz) of
five etched but non-anodized foils, measuring 1 x
1¥4"” x 0.003”, averaged 451 uf. The. foils were then
anodized in the present electrolyte at 0.6 ma./in.2 for
21 minutes. The potential across the cell increased to. 50
volts. The capacitance of the five anodized foils, measured
under the same conditions, averaged 29.3 pf. The re-
sistivity of the electrolyte was 363 ohm-cm.

Example XI

This is an example of the in situ formation of 2-ethyl-
hexylammonium borodicatecholate in dimethylform-
amide, A mixture of 0.01 mole of 2-ethylhexylamine, 0.01
mole of boric acid and 0.02 mole of catechol was dis-
solved in 1.37 moles of dimethylformamide.

The capacitance (measured at 120 hertz) of five
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1”7 x 1%4" x 0.003", averaged 500 uf. The foils were then
anodized in the present electrolyte at 0.6 ma./in.2 for 22
minutes. The potential across the cell increased to 50
volts, The capacitance of the five anodized foils, measured
under the same conditions, averaged 31.7 uf. The resis-
tivity of the electrolyte was 308 ohm-cm:.

Example XII

This is an example of the in situ formation of hydrogen
borodisalicylate in dimethylformamide. A mixture of 0.01
mole of boric acid and 0.02 mole of salicylic acid was
dissolved in 1.37 moles of dimethylformamide. The ca-
pacitance (measured at 120 hertz) of five etched but non-
anodized aluminum foils, measuring 1” x 1%4" x 0.003",
averaged 503 uf. The foils were then anodized in the pres-
ent electrolyte at 0.6 ma./in2 for 20 minutes. The ca-
pacitance of the five anodized foils, measured under the
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same conditions, averaged 32.7 uf. The resistivity of the
electrolyte was 353 ohm-cm.

Example XIII

This is an example of the in situ formation of hydrogen
borodicatecholate. A mixture of 0.01 mole of boric acid
and 0.02 mole of pyrocatechol was dissolved in 1.37 moles
of dimethylformamide. The capacitance (measured at 120
hertz) of five etched but non-anodized aluminum foils,
measuring 1" x 134" x 0.003"’, averaged 501 pf. The foils
were then anodized in the present electrolyte at 0.6 ma./
in.2 for 20 minutes. The capacitance of the five anodized
foils, measured under the same conditions, averaged 47.0
uf. The resistivity of the electrolyte was 2881 ohm-cm.

Example XIV

This is an example of the in situ formation of diiso-
propylammonium borodi 2,3-naphthalenediolate. A mix-
ture of 1 gram of di-isopropylamine, 0.6 gram of boric
acid and 3.2 grams of 2,3-naphthalenediol was dissolved
in 100 grams of dimethylformamide. This electrolyte was
introduced into aluminum electrolytic capacitors of con-
ventional design. The capacitance sections impregnated
with the electrolyte possessed the rating of 157 uf., 50
volts D.C. The following values given are averages of 6
units during a test at 125° C. with 50 volts applied.

C (u) RC (ohm-pf) I (ua)
Initialooooooocoos 157 52 1.6
216 hours......_.. 154 52 1.4
500 hours. ... 153 52 1.4

The foregoing data indicate that the capacitors are elec-
trically stable.

Past experience has indicated that many prior art elec-
trolytes, e.g. ammonium pentaborate in ethylene glycol,
dissolve anodic aluminum oxide to a considerable degree
upon heating at or above 85° C. This characteristic is ob-
viously undesirable. The electrolytes shown in Examples
II, 111, IV, VII and XIV were tested in this regard and
showed no or negligible dissolution of anodic aluminum
oxide.

By the term hydrocarbyl is meant an alkyl or aryl
radical. It is to be understood that by C;—C;3 hydrocarbyl
amine salts, it is meant to include primary, secondary and
tertiary amine salts. The hydrocarbyl groups in either the
amine salt or the quarternary ammonium salt can be either
the same group or different groups. By vicinally sub-
stituted aryl group is meant an ortho disubstituted benzene
ring or a 1,2 or 2,3 disubstituted naphthalene ring. It is
to be understood that noninterfering substituents may be
present on the aryl group. The electrolyte systems con-
templated herein are not limited to those wherein the sol-
vent is dimethylformamide, ethylene cyanohydrin, or
ethyl Cellosolve since other solvents and mixtures may be
employed. For example, water, formamide, the Cello-
solves, glycols, etc. and mixtures thereof may be em-
ployed. It is also to be understood that the electrolytes of
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the present invention have utility in capacitors other than
aluminum capaciors, e.g. tantalum, niobium, etc.

Since it is obvious that many changes and modifications
can be made in the above-described details without de-
parting from the nature and spirit of the invention, it is
to be understood that the invention is not limited to said
details except as set forth in the appended claims.

What is claimed is:

1. An electrolytiz capacitor comprising a capacitance
section having a plurality of electrodes, at least one elec-
trode being a valve metal having on its surface an insu-
lating oxide layer, said section being impregnated with an
electrolyte consisting essentially of a solvent having dis-
solved therein a compound having a formula selected from

the group consisting of:
o (o}
- / \%/ /
—c—o” \o—c—/
I f
0
and
iy // %, 4
—0 o—L .

wherein M is a hydrogen, alkali metal, ammonium or
C;—Cy3 hydrocarbyl amine and Z is a vicinally substituted
aryl group.

2. The capacitor of claim 1 wherein said compound is
tributylammonium borodicatecholate.

3. The capacitor of claim 1 wherein said compound is
sodium borodisalicylate.

4. The capacitor of claim 1 wherein said compound is
ammonium borodicatecholate.

5. The capacitor of claim 1 wherein said compound is
di-isopropylammonium borodisalicylate.

6. The capacitor of claim 1 wherein said compound is
ammonium borodisalicylate.

7. The capacitor of claim 1 wherein said compound is
2-ethylhexylammonium borodisalicylate.

8. The capacitor of claim 1 wherein said compound is
a tributylammonium borodisalicylate.

9. The capacitor of claim 1 wherein said compound is
2-ethylhexylammonium borodicatecholate.

10. The capacitor of claim 1 wherein said compound is
hydrogen borodisalicylate.

11. The capacitor of claim 1 wherein said compound is
hydrogen borodicatecholate.

12. The capacitor of claim 1 wherein said compound is
di-isopropylammonium borodi 2,3-naphthalenediolate.
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